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BY 1800 THE DEVELOPMENT of the physical and 
chemical foundations of photography was such that a photograph 
could have been taken. The camera obscura, which had started about 
1000 A.D. as a tent with a small hole in one wall and then became a 
closed room large enough to walk into, had by 1685 shrunk to a small 
portable box with lens, no different from the camera to be used to 
make photographs some 150 years later. In 1725, Johann Schulze 
established the sensitivity of silver nitrate to light, thus verifying a 
conjecture that had been current for some time. Further study of the 
photosensitivity and solubility of the silver salts was carried on during 
the rest of the century. The fleeting image on the ground glass of the 
camera now had a sensitive medium to make its beauty a permanent 
record. 
Thomas Wedgewood, son of the famous potter, was producing 
contact copies of leaves and paintings on glass in 1802. This printing 
by superposition he considered “useful for making delineations of all 
such objects as are possessed of a texture partly opaque and partly 
tran~parent.”~But this was not photography in the sense that it 
captured a visible image from a scene. It was not until 1826 that 
the ftrst true photograph was taken in France by Joseph Nicdphore 
Niepce.2 And, as is usual with most prototypes, it was a rather poor 
specimen artistically and technically. The year 1839 is usually con- 
sidered the birthdate of photography. In that year, Louis Jacques 
Mand6 Daguerre, the partner of the deceased Niepce, gave his da- 
guerreotype process to the world, though he had already patented it 
in England, in return for a pension from the French government. 
This, the first practical method of photography, was taken up en-
thusiastically by amateurs and professionals, and reigned supreme for 
over ten years. 
The daguerreotype produced excellent pictures of inanimate objects 
from the first, and with improvements in the speed of the plate came 
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to be used for portraits, some of them of a quality and technique 
still unsurpassed. Why, then, was photoduplication so long in fol- 
lowing? In the first place, the daguerreotype was unsuited to document 
photography; the image was reversed as in a mirror, difficult to view, 
incapable of duplication except by rephotographing, produced on an 
expensive medium, and very sensitive to damage by touch. Further- 
more, the library world was not ready for photographic copying. 
Librarians had not really entered into the spirit of cooperation that is 
considered to have begun about 1876. At about this same date wood 
pulp paper was beginning to usurp the place of rag. I t  would take a 
few years before this development would make itself noticeable on 
the floors of library stacks. 
In the same year that Daguerre was announcing his process, W. H. 
F. Talbot proposed his negative-positive technique, using sensitized 
paper rather than metal plates. Though not capable of producing the 
fine detail of the daguerreotype, it was easier, cheaper, and capable 
of yielding duplicate prints. In this sense it is more truly the father 
of photography as it is known today. Talbot patented his calotype 
process in 1841. 
The next great step in photography was the introduction of the 
collodion emulsion on glass by F. S. Archer in 1851. Due to its manipu- 
lative problems, this process saddled photographers with bulky proc- 
essing equipment necessary at the point of exposure, but it gave 
photographers a plate with such an increase in speed that it made 
possible pictures which could not be taken previously. Though still 
not an art for the timid or clumsy, photography now began to be 
taken up in earnest by the serious amateur. This amateur interest, 
which increased after 1873 when the dry plate made its appearance, 
was a necessary step before photography could enter the library field 
in earnest. 
In 1844, Talbot published his book, The Pencil of Nature. This was 
the first photographically illustrated book and began a trend that 
increased from that time on. In it he made public a suggestion that 
he had considered earlier, that photography was the ideal method for 
reproducing old texts and other graphic materiaL3 The next year 
Albert Dressel, a German living in Rome, proposed photography as a 
substitute for the copying of old manuscripts and palimpsests by 
hand.4 In 1848 Sevastianof copied a manuscript of 112 pages in a 
monastery on Mount A t h o ~ . ~  In 1856 the University of London con- 
sidered photography of enough importance to be introduced into the 
curriculum.6 By 1860 photography had advanced to the point that 
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the U. S. Commissioner of Patents considered it as a method for the 
public reproduction of patent diagrams.? In a letter written February 
6, 1864, about three months after his address at Gettysburg, Edward 
Everett stated that, “On this occasion it occurred to me that when a 
copy of any paper, printed or written, was wanted for a literary, 
judicial, or artistic purpose, under circumstances that required the 
assurance of entire accuracy, photography was admirably adapted to 
secure it.”8 Photoengraving did not appear until about 1856, but it 
was many years before these first laborious and expensive ink pictures 
replaced the book illustrated by photographs. Not all of these photo- 
graphs were processed with the needed permanence; and by 1869 some 
libraries refused to purchase photographically illustrated books.s 
By 1877 photography had entered the library to the point that the 
Bibliothkque Nationale felt it advisable to set aside two darkrooms 
with running water for the use of readers photographically inclined.1° 
About this same time the British Museum began to allow its readers 
to make their own photographs within its hallowed haIIs.ll But in 
1884 Richard Garnett, later Keeper of the Printed Books at the British 
Museum, declared that: “Photographic reproduction has not as yet 
been regarded as a duty incumbent upon a public library, and has 
not, accordingly, been provided for out of the public funds.”12 He 
went on to give examples of the inconveniences met with because 
the British Museum lacked a photographic service, and suggested an 
official photographer. Three years later it was reported that such a 
service had been set up.13 In 1888, a study of the costs of photo- 
duplication was begun at the Bodleian Library, and on Christmas eve 
1890 a price list for this new service was published with the note, 
“The sums quoted above are given on the assumption that only or- 
dinary trouble wilI be involved in making the negatives and prints.”I4 
It would seem that they had the same troubles with their orders that 
librarians have today. 
In 1895, an International Congress on Bibliography was convened 
which eventually became the permanent institution of the Fhdhration 
Internationale de Documentation.15 This body was responsible for 
some of the best work done on photoduplication and recently brought 
out the only manual to attempt a world-wide compilation of infor- 
mation concerning photocopying techniques and equipment.16 In 
1897 Sir Benjamin Stone founded the National Photographic Record 
Association in England.l? This association attempted to interest local 
historical societies in documenting research relating to their areas with 
photographs. In a sense it was the official beginning of interest in 
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documentary photography and was to cause an increase in the number 
of photographs acquired by libraries. In 1905, an International Con- 
gress for the Reproduction of Manuscripts, Money and Seals met in 
Lihge, Belgium.l* In the preceding year, a bad fire had occurred in 
an old established library at Turin, which misfortune served to focus 
attention on the problem of preserving unique and valuable records 
for future use for the benefit of the world of scholarship. One of the 
loudest voices raised at this meeting was that of Charles Gayley from 
the University of California, who had come the greatest distance to 
attend this meeting. He strongly urged a cooperative plan for the 
photographing of rare manuscripts so that scholars all over the world 
could gain easy access to them. On his return, he submitted a report 
of this meeting to the U. S. Commissioner of Educati~n.'~ Among the 
other recommendations to come out of this congress was the suggestion 
that darkrooms be established in all libraries.20 Obviously the small 
American public library of today was not uppermost in the minds of 
the European savants. 
In any case, these developments show that by the beginning of this 
century the library world was ready for a good photoduplication 
process. And so, at this point it might be well to outline the various 
forms which these processes take: 
I. Photographic 
A. 	 Full Size 

1) Projection Photocopy 

2) Contact/Reflex Photocopy 

B. 	 Reduced Size 





C. 	 Microscopic 

1)  Microfilm 

2 )  Micropaper 

11. Non-Photographic 







The projection photocopy best known to the general public is the 
Photostat, which is the trade name for the equipment produced by 
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a subsidiary of the Eastman Kodak Company. Although not the first 
on the market,21 this machine soon took the lead and rapidly became 
the photoduplication process most commonly found in those libraries 
which could afford such a service. Essentially the projection photwopy 
machine is simply a bellows camera expanded four or five times in 
size, taking a picture on a roll of sensitized paper rather than on a 
transparent film. In order that the image of the text reproduced be 
direct-reading, rather than the mirror-image produced by the lens, a 
prism is placed in front of the camera’s lens as shown in Figure One. 
FIGURE 1 
Diagram Showing Projection Photocopying (Photostat) Process 
This also makes it possible to design the camera so that it is horizontal 
and yet allows the document being copied to be placed on a horizontal 
easel at right angles to the camera axis. As the image is projected from 
the original to the sensitized sheet, there is no contact between the 
two. 
One might ask why the retrogression to sensitized paper occurred 
when photography had only just advanced in 1889to light-weight rolI 
film from bulky glass plates? The answer is that film costs about five 
times as much as paper. The man generally credited with being the 
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father of the prism photocopy machine is Rent5 Graffin,22 a professor 
at the Institut Catholique de Paris. At the International Exposition 
held in Paris in 1900, he entered an exhibit, “Publications syriaques, 
caractBres syriaques; appareil pour la reproduction des manuscripts,” 23 
which was awarded a silver medal by the jury of the exp~s i t ion .~~ 
By 1903 it was reported that the John Rylands Library in Man- 
Chester, England, was using a “rotary bromide” camera for copying 
rare materials.25 This use of a roll of sensitized paper served to make 
the photocopy camera easier to load, more convenient to operate, and 
somewhat less expensive to maintain. In 1902, G. C. Beidler of 
Oklahoma City began the construction of a photocopy machine which 
he completed two years later in Rochester.26 There he organized the 
Rectigraph Company in 1906 which in 1935 became part of the Haloid 
Company. By 1908 the Clarendon Press at Oxford was reported to be 
making “Rotographs,” and the Graffin process was available at many 
European librarie~.~? The next year the Commercial Camera Corpora- 
tion of America, later to become the Photostat Division of Kodak, 
began operations. 
By 1912, American libraries awoke to the possibilities of the Photo- 
stat camera. In February the Library of Congress installed one; 28 in 
May the John Crerar Library got a Cameragraph,2g and by December 
the New York Public Library had acquired a Photostat camera.3O 
The parade had begun, and soon Photostat cameras, Rectigraph 
cameras and later the Dexigraph camera of Remington Rand were to 
be found in many of the larger libraries of this country. The projection 
photocopy came to be used in advancing library service in all depart- 
ments of the library,31 and scholars became accustomed to photocopy 
reproductions of rare and inaccessible originals. By 1929 it was re- 
ported that forty-two libraries in the United States owned and 
operated “photostat” It is interesting to note that, although 
an English library was well ahead of any American library in making 
use of the projection photocopy, by 1949only eight libraries in England 
were reported as having such equipment.33 
The projection photocopy did yeoman service in familiarizing li-
brarians and scholars with the aid they could receive from photo- 
graphy. However, the cameras are large and make necessary the use 
of ancillary equipment, such as dark-rooms, dryers and trimmers, 
which take up valuable space. The cameras are also expensive, about 
a $2,000 minimum, and need to be kept in fairly continuous operation 
to prove economical. They are, therefore, not the answer for small- 
scale photocopying operations. 
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The Contact/Reflex photocopy fills in where the other is impractical. 
In its simplest form this consists of a sheet of photo-sensitized paper, 
a plate of transparent material to hold this sheet in contact with the 
page to be copied, and a light source. When copying an original 
inscribed on only one side of a rather translucent paper, the contact 
print can be made. In this case the original is placed over the sensitized 
sheet, with its back in contact with the emulsion as illustrated in 
Figure Two. When light is shined through the original, it is held back 
FIGURE 2 
Diagram Showing Contact Copying Process 
by the more opaque writing, and upon development a readable nega- 
tive (white text on a black background) is produced. When the text 
to be copied is on relatively opaque paper, or when text appears on 
the other side, reflex exposure is used. In this case the sensitized sheet 
is placed on top of the text with its emulsion in contact with the face 
of the text as shown by Figure Three. Light is then shined through 
this sheet and by reflection from the white spaces, and absorption 
where black text appears, gives the sheet enough exposure upon 
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FIGURE 3 
Diagram Showing Reflex Copying Process 
processing to produce a mirror negative. This negative can then be 
reprinted to make a final positive which makes possible direct reading. 
Contact exposure is essentially the system used by Wedgewood in 
1802. Reflectography was first described by Albrecht Breyer, a German 
medical student in Li6ge,34 who reported his discovery to the Brussels 
Academy of Sciences in 1839, the same year that Daguerre published 
his process. Breyer’s “heliographs” were forgotten in the general excite- 
ment, and in 1896 J. Hort Player, an Englishman, rediscovered the 
process.35 A number of reports appear in library and photographic 
literature advocating contact printing, but as most of these suggest 
impregnating the original with a greasy or waxy medium, they did 
not meet with much enthusiasm from librarians. 
Libraries in Germany and England were using reflectography by 
193436but, with a few exceptions, American libraries did not take up 
this process until after World War 11. The equipment that first 
appeared on the market was usually a rectangular light box with a 
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hinged cover. The cover served as a pressure plate to hold the docu- 
ment in contact with the sensitized sheet. In order to be able to copy 
large originals, these light boxes were made so big that soon they 
reached about the size of a large trunk. With the advent of the tube 
light source it was possible to design a reflex copier that was cylindrical 
and allowed the original and copy sheet to be wrapped around the 
This made it possible to produce large copies with a smaller 
machine. 
Until 1948 all copiers available were designed to handle single 
sheet materials, not pages in bound volumes. In that year F. G. Lud-
wig, head of the Photographic Service at the Yale University Library, 
applied for a patent on This piece of equipment,his C~ntoura.~* 
besides being smaller and thus more conveniently transported, was 
adapted to copying from open volumes. The light box, topped with an 
inflatable translucent air cushion, served as its own pressure plate. 
The air cushion was designed to mould the sensitized sheet to the 
contours of the curved two-page spread. Another attempt to solve 
the problem of photographing pages in a bound volume is to be found 
in the German Autophotom K3D.39 This model has a roof-shaped 
exposure surface, so that the bound volume and photo-paper can 
straddle the gable. An even more radical design following the same 
principle is seen in the patent for a device using a translucent prism 
to carry light into the tightest gutter of a bound volume.40 
Most of the box copiers on the market today, though not designed 
for books, do make a concession for them in that the light surface 
extends flush with the edge of the box on one side. This allows the 
volume to be exposed one page at a time and with enough pressure 
to get good contact without damaging the binding.*l 
Until World War 11, contact/reflex processing was by the con-
ventional, and potentially messy, three-stage process common to other 
methods of photography. The exposed negative had to be put through 
the developer and fixer and then washed. For a positive copy the 
negative had to be used for a new exposure which required the same 
time-consuming wet processing. This process is described in Figure 
Four. Short cuts in processing saved time but shortened the life of 
the photocopy. A controlled short cut is to be found in stabilization 
proces~ing.~~In this system, the unexposed and undeveloped silver 
halides are changed chemically into substances that are relatively 
stable instead of being dissolved and washed out. This shortens the 
processing time greatly and, when coupled with the porous platen 
processing makes it possible to cut down on space taking 
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Diagram Showing Three-Stage Contact-Reflex Process 
darkroom equipment. At best, this method involves a calculated risk, 
since the finished print fails to satisfy the important requirement of 
permanence. 
During World War 11, the German photographic company, Agfa, 
and the Belgian firm, Gaevert, developed variant forms of one-stage 
processing which are relatively dry and produce reasonably stable 
prints.44 The diffusion-transfer system involves something that is 
discarded in the older wet method. After the negative has been 
exposed by either contact or reflex, it is carried through the de- 
veloping bath and then brought into contact with a positive sheet, 
as shown in Figure Five. The negative is developed and the un-
exposed silver halide, corresponding to the black text of the original, 
transfers to the positive sheet, where it is subsequently developed. 
After a few seconds of contact, the two sheets are separated and a 
dry-damp positive is ready for immediate use. The period between 
1950 and 1955 may well become known as the silver transfer era 
because of the number of different office copiers exhibited at business 
shows during that time. It has been reported that in business offices 
most of these machines pay for themselves within a year.45 Most of 
these copiers, especially the duplex type which combines exposing 
and developing elements in one piece of equipment, are designed 
for single-sheet copying and will not work satisfactorily with bound 
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materiaIs. However, by 19.55 some models for book copying were 
available and one report lists ten libraries in this country using 
transfer reflex c0piers.~6 
In 1952, a variant form of transfer appeared on the market. This 
was Eastman Kodak’s Verifax Physically it appears no 
different from the silver transfer system. However, there is a chemical 
difference, in that this process depends on gelatine transfer. Exposure 
and developing selectively hardens (tans) the emulsion of the matrix 
(negative sheet). On contact with the positive sheet, the matrix gives 
up a thin layer of gelatine emulsion corresponding to the black portion 
of the original. This gelatine transferred to the copy sheet becomes 
the facsimile of the text of the original. Whereas the silver transfer 
is usually good for only one copy (occasionally two or more, if made 
under controlled conditions),48 the gelatine transfer can be used to 
make six (and it is reported that it will soon be able to make up to 
twenty) copies from the same matrix. As the matrix is the expensive 
item, the copy paper costing about the same as typewriting paper, 
the Verifax copier is most attractive when a number of copies are 
required. One report suggests that it costs a dollar to copy a letter 
by retyping, but only eighteen cents if reproduced by this type of 
phot~copier.~gThis would seem to indicate that even though a library 
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tact/reflex photocopying,50 it might do well to investigate its appli- 
cations to copying operations in the administrative office of the 
library. 
During the early thirties, before microfilm had established itself in 
the library, there was consideration of miniature printing to help 
solve the storage and publication problems facing the librarian. This 
was to be accomplished by reductions of fifty per cent or more, and 
thereby bringing about a saving in space without necessitating the 
use of optical reading machines. This was suggested particularly for 
scientific publications 51 and theses 52 and was actually attempted 
with the New York Times.53 A variant of this idea is found in the 
bound volumes of the Library of Congress catalog or the reprint of the 
British Museum catalog. But as this technique suffered from most of 
the inconveniences common to microfilm and did not produce a great 
space saving or economy, it was not seriously Considered for universal 
application. 
Although not an example of miniature printing, the product of 
the Remington Rand Photoclerk camera may be considered here ap- 
propriately. This is essentially a small projection photocopying ma- 
chine making a full size copy of a 3 x 5 inch original, or a % reduction 
to 3 x 5 of an original about 4 x 7 inches. Therefore, it is a somewhat 
larger version of the Photocharger which is described in another 
article. In 1952 the American Council of Learned Societies, aided 
with a grant from the Carnegie Corporation of New York, installed 
ten of these cameras and ten processors in as many libraries in this 
country.54 These libraries were chosen to represent various types 
and sizes of libraries. They were to apply photoclerical techniques 
to clerical operations involving the making of copies manually or by 
typewriter and to report carefully on the comparative costs of the 
two methods. The results of the experiments, published in 1953, 
demonstrated the practicability of using the Photoclerk in many 
clerical operations ,55 
The miniature has always had an appeal to man. The ancient 
Assyrians are reported to have made micro-writings that were read 
by means of an enlarging crystal.56 In 1839, as soon as he heard about 
Daguerre’s process, J. B. Dancer of Liverpool and Manchester made 
a daguerreotype microcopy of a document at a reduction ratio of 
160:l.57With the advent of the collodion emulsion in 1851he had a 
medium that lent itself ideally to microphotography. Dancer, a maker 
of optical instruments, improved the technique of microphotography 
within the next few years, but considered it as little more than a 
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novelty. In 1853 Sir John Herschel suggested “the publication of 
concentrated microscopic editions of works of reference-maps, 
atlases, logarithmic tables, or the concentration for pocket use of 
private notes and MSS.”5* 
In 1906, Robert Goldschmidt and Paul Otlet, troubled by the 
rising cost of books and the difficulties facing the world of scholarly 
research, suggested the microphotographic The sketch included 
in their report might be one made today of a microcard. It is 75, x 125 
mm. in size, has a brief catalog entry across its top, and includes 72 
pages of microtext, most of the current microcards holding only 48 
pages. That same year the microphotoscope of Otto Vollbehr of 
Berlin was announced.60 This is a small hand viewer which can be 
used in the dark with an illuminating box. Miniature transparencies 
of maps were read this way. In  1908, Amandus Johnson began to 
design his first personal microfilm camera for bibliographical micro- 
filming.61 The future applications of microphotography had now been 
suggested, but the world did not yet appear to be ready for it. 
Before 1914 the motion picture camera had developed to the 
point where amateurs were beginning to use it. One amateur who was 
looking for a way to avoid wasting expensive film through incorrect 
exposures was Oskar Barnack of the E. Leitz Company, which concern 
at this time was engaged principally in making microscopes and 
binoculars.62 He designed a small camera which used the current 
35 mm. movie film but exposed two conventional frames for each 
picture. This was his exposure meter. The first world war interferred 
with the development of this camera, but in 1924 the Leitz Company 
put the Leica camera on the market. Though not the first miniature 
camera, the Leica was the one which set the pace that caused the 
35 mm. idea to be applied to major phases of ph~tography.~~ 
In 1925, G. L. McCarthy applied for a patent on a camera for 
microfilming bank checks which brought him to the attention of the 
Eastman Kodak C0mpany.6~ As a result, in 1928 the Recordak corpo-
ration was formed as a subsidiary of K ~ d a k . ~ ~  That same year R. 
M. Hessert patented a microfilm camera that could photograph both 
sides of documents. This patent was assigned to Remington Rand.G6 
Therefore, by 1930 the largest photographic company and the largest 
business and library equipment firm were in the microfilming picture. 
The United States had reached its first growth and scholars were 
looking increasingly to European archives for retrospective studies. 
Their own libraries were becoming filled with the outpourings of 
faster printing presses. Pulp paper had now had fifty years in which 
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to begin to crumble. These factors combined to show that the time 
was ripe for library microfilming. 
Although the Library of Congress began microfilming activities in 
France in 1928,67it did not set up a camera at home for another 
four years.68 The Leica had a big year in 1931. In that year 
Harvard 7O and Chicago Universities 71 and the Huntington Library 7 2  
all began to microfilm with the Leica camera. Two years later an 
American scholar visited twenty-seven libraries in seven European 
countries, carrying a Leica.73 That same year, 1933, the Recordak 
Corporation began to microfilm newspapers for general purchase.74 
In 1934 the records of the N. R. A. and the A. A. A. were microfilmed, 
another large-scale project with attendant A program of 
the University and Reference Librarians Round Table during the 
1935 American Library Association Midwinter Meeting was devoted 
to the subject of microfilming and supplemented by a small exhibit 
of microfilm cameras and readers. This was followed by a much more 
ambitious program the following summer at the Richmond conference 
during which a symposium on microfilm was held, accompanied by a 
comprehensive exhibit of microfilm apparatus.?6 This occasion may 
well be regarded as the official birth of library microfilming. 
The response was striking. Papers on microphotography began to 
appear in all forms of library literature. In 1938 a magazine The 
Journal of Documentary Reproduction under the able editorship of 
V. D. Tate was launched by the A. L. A. By this time librarians had 
some twenty-one different microfilm cameras to choose from.?? True, 
some of them were not well suited to the job ahead, and others were 
custom made machines; but time promised to take care of that. In 
that year University Microfilms, a commercial agency, which was 
destined to do much to establish microfilm in the scholarly libraries, 
was founded.78 The next summer, in 1939, the Columbia School of 
Library Service offered for the first time a course in microphoto- 
graphy.?S 
Libraries started microfilming with Leica cameras using 35 mm. 
film. The first commercial film purchased by libraries was of news-
papers reproduced on 35 mm. film. The larger image, and consequent 
smaller reduction ratio, of 35 mm. film fitted their needs better than 
the 16 mm. film that proved more popular in banks and in other 
commercial applications. In 1940 Recordak brought out its Micro- 
file line of cameras.8o The Model D of this family soon became the 
work-horse for all microfilming not suited to continuous 16 mm. 
filming. 
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The father of commercial microfilming reported in 1954 that it 
was ‘an industry with an annual volume in excess of an estimated 
50 million dollars, built upon some 30,000 equipment installations 
throughout the country.” 81 Early in this present year the president 
of the National Microfilm Association reported that “There is today 
no city or town in our country where microfilming equipment or 
service may not be had.”82 A report published last year announced 
that out of twenty-nine of the largest research libraries in this country, 
only eighteen owned microfilm cameras.83 This is perhaps less an 
indictment of the libraries than an unspoken compliment for the 
commercial microfilm service available to libraries. 
Microfilming, rather than being the final solution to problems of 
preservation and storage of library materials ( a  thought suggested 
by some enthusiasts in the late thirties) now appears to be considered 
a stage in a larger program. One large research organization states, 
“. . . we . . . are convinced that as time goes on it will prove itself 
most valuable economically in applications where it is used as a 
working tool.”S4 In some new trends microfilm is used as a step 
towards “hard copy” ( enlargement prints) ; others unitize microfilm 
by inserting it into sortable cards. The combinations of microfilm 
with the projection photocopy,85 microfilm with the reflex copierF6 
and microfilm joined to just about all of the other photoduplication 
techniques, are putting microfilm to its proper use as just another 
tool of administration. 
TWOof the chief criticisms of ribbon microfilm, the principle type 
used in the U. S., have been its lack of economy for multiple copies, 
and the difficulty, due to its shape, of gaining access to the informa- 
tion it can store. In 1933, before many librarians had started thinking 
of microfilm, it was suggested that paper prints made from microfilm 
might be a better solution to the storage of inforrnati~n.~? The next 
year Albert Boni, a publisher who has consistently shown that he is 
more conversant with library problems than many librarians, began 
to think about publication in microtext.88 In 1939 the first public 
announcement of Microprint and the Readex reader, which had to 
be designed before the cards could be read, was made.89 At this time 
it was felt that the diazo emulsion would be suitable for printing 
these 6 x 9 inch sheet~.~O But as there was some uncertainty about 
the stability of the diazo image on paper, it was decided to change 
to photolithography, which is used today.g1 Wartime shortages halted 
Boni, and his process did not get going again until 1950. 
In the meantime Fremont Rider, then librarian of Wesleyan Uni- 
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versity, Middletown, Connecticut, had been giving thought to the 
problem of the growth of the American research library.92 He gave 
Readex credit for solving part of the problem, but added two biblio-
graphical suggestions to the micropaper idea. These were that the sheet 
used be of the standard 3 x 5 inch size, and that it carry cataloging in- 
formation. Thus the Microcard concept was born. In 1948, the Micro- 
card Foundation was chartered in Wisconsin 93 and The Microcard 
Bulletin began publication. The following year one writer suggested 
that every town with a population of over 50,000 should have a Micro- 
card reference library.94 By 1954 there were twenty-three publishers 
of Microcards, and 1,600 readers had been sold.95 That same year a 
program for the publication on Microcards of studies in librarian-
ship 96 came to join an older plan ( 1938) for the microfilm publication 
of Ph.D. dissertation~.~7 
The Microcard is completely photographic in that the original 
text is reduced by microfilming and the resultant negative is printed 
on sheets of photographic paper 3 x 5 inches in size.98 Eastman Kodak 
cooperated in the technical development of the process and tested 
its applications in Kodak‘s own research organization, so that by 1954 
one of their men could report that “Some of the scientists have as 
many as 15,000cards on a given subject in their desk drawers, arranged 
according to their own idea of indexing. . . .”99 Kodak has just given 
another push to the micropaper bandwagon by issuing an eight-page 
summary of what is being published on micropaper.loO 
The printed 6 x 9 inch Microprint sheet and the photographic 
3 x 5 inch Microcard have been joined by an offspring that favors 
each of its parents. I t  is printed photographically but its size (6Y2 x 
8% inches) makes it seem cIoser to the Readex version. This is the 
Microlex card which carries two hundred pages of text on each 
side.lOlA reader has been designed for it which, besides being the 
cheapest micropaper reader, is also the first from which one can 
readily produce a paper enlargement directly from the card. Whereas 
Microprints and Microcards are filmed on ribbon microfilm, the 
Microlex Corporation has developed a novel step-and-repeat camera 
to film the original on sheet film.lo2 
Two criticisms have been levelled at micropaper, the first being 
that it does not lend itself to the production of minimum editions, 
the other that the production of micropaper has been limited to four 
commercial agencies. The advent of the Microstrip lo3 and Micro- 
tape104 has been a partial answer. Both of these are processes for 
making a ribbon paper print from a ribbon negative microfilm. Short 
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sections of this ribbon can then be pasted, the h s t  by wetting, the 
second by pressure alone, to cards of any size. They are especially 
applicable when cumulative records are desired in micropaper form. 
A recent report suggests micropaper production in single editions, by 
mounting microfilm strips in acetate jackets and then printing on 
Kodagraph Microprint paper on demand.lo5 This answers both of 
the criticisms and would appear to justify the statement that “given 
the proper skills, equipment and supplies, any photographer can make 
a microcard.” lo* 
The term photography brings to mind those forms that depend 
upon the sensitivity of the silver halides to light. An ever increasing 
amount of photoduplication is being done with other substances. 
There are even hints that photography, at least industrially, may be 
achieved eventually with a magnetic tape that has no visible image 
until the finished picture is produced.lO‘ 
In 1842 Herschel described the use of paper sensitized with certain 
iron salts for copying by the contact method. He called this the 
Cyanotype process,1os which is more commonly called blueprint. 
This paper was available commercially after about 1881 and was 
used almost exclusively for architectural and engineering drawings. 
Its principal drawback is that it needs water for processing, thus 
being as messy and time-consuming as conventional photography. 
Also, any process using paper which has to be soaked in water does 
not give the dimensional stability that engineers need for their 
plans. Furthermore, the blueprint is a negative process like silver 
photography. 
In the research that attended the development of the analine dye 
industry, it was discovered that certain nitrogen compounds were 
light sensitive. Nitrogen is more readily available in nature than iron 
cyanogens, and certainly more so than silver. These diazo compounds 
will combine with certain phenolic or amino compounds, called 
couplers, to form azo dyes with all the hues of the rainbow.lo9 These 
diazo materials can be decomposed by light, especially by ultraviolet, 
so that they will not couple and form the dye. Therefore, diazo com- 
pounds produce positive copies. 
I t  was noted further that if the diazo emulsion is acidic, it will not 
couple. Therefore, the Ozalid process uses an emulsion that combines 
diazo and coupler with an acid to keep them from coupling. After 
exposure, the exposed sheet is passed over ammonia fumes which 
neutralize the acid and allows the dye to form in those portions that 
were shielded from light.l1° In the Bruning process the coupler is in 
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a liquid “developer” which is sponged onto the surface of the sheet 
after exposure.ll’ The Ozalid development is entirely dry, but requires 
ventilation to exhaust the ammonia fumes. The Bruning machine 
needs no ventilation, but the prints must be dried after development, 
which does not wet the body of the paper. 
Because of the low sensitivity of the diazo emulsion, the early 
machines were slow working. With the introduction in 1939 of the 
high pressure mercury vapor lamp, the exposing time could be speeded 
up and machines were designed for continuous printing and develop- 
ment.l12 Exposure is given the diazo sheet in contact with the original 
as the two are carried around the tube light source, much as a pillow 
case is ironed on an electric mangle.ll3 The early versions of these 
machines looked like upright pianos. Then they shrank to filing case 
size as they moved from the engineer’s drafting room to the business 
office. Now models are available that are not much bigger than a 
standard office typewriter. 
The big drawback to diazo is that it is economical only for materials 
that can be printed by the contact process. Where office techniques 
can be geared to the use of translucent masters, it can be a most 
gratifying tool. Reflex was attempted with diazo in 1916,114but the 
diazo emulsion is too good a filter to the light that decomposes it. 
Therefore there is no sensitivity left by the time the rays are reflected 
by the original being copied.ll5 This aufroll effekt can be minimized 
by the use of a dot pattern screen in contact with the emulsion at the 
time of exposure. A disposable screen which can be removed after 
exposure and before development was brought out by Van der Grinten 
in 1945.116This Rdtoci5 foil makes it possible to use diazo for reflex 
copying, but at present it raises the cost of this process to about 
twice that of photocopy, unless a number of copies are required. 
Diazo has been used to a greater extent in libraries in Europe 
than in this country. One application has been for the publication of 
an abstracting service.Il7 One author has proposed its use for the 
reproduction of catalog cards and academic dissertations.ll* Some 
of the reluctance to accepting this idea is no doubt due to doubt as 
to the permanence of this record. As is true with photocopies, im- 
proper processing and careless storage will certainly aggravate 
deterioration. But libraries are accepting mimeographed materials and 
carbon copies of typewritten originals. 
One application of diazo that will bear watching is its use for 
the duplication of microfilm.11s At present this does not have an 
economic advantage over silver copies, but it appears probable that 
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it will become cheaper. I t  does have certain technical advantages and 
promises to be an excellent way to reproduce cards bearing microfilm 
inserts. In this application it is economical and fast as well as being a 
very simple procedure. 
So far, all the processes that have been considered have depended 
on light to record the image of the original. In 1950 a new process 
was put on the market by the makers of Scotch tape. This was the 
Thermofax copier, which makes use of heat rather than light.lZ0 
The original and a Thermofax sheet are exposed by the reflex method 
to a source of infrared radiation. In the older and larger machine, 
they are exposed under a hinged cover, very much like the early 
reflex photocopiers. In the new model, these sheets are fed into a 
slot and carried around the exposing element in the manner of the 
diazo process. In the larger machine the sheets remain still and the 
source moves back and forth beneath them.121 
Infrared is reflected by light-colored objects and absorbed and 
changed to heat by dark-colored ones. When the infrared rays fall 
on the inked portions of the original being copied, they are changed 
FIGURE 6 
Diagram Showing Thermofax Process 
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to heat and this darkens that portion of the Thermofax sheet which 
is in contact with it, as diagrammed in Figure Six. Exposure and 
development are simultaneous and a copy is made at one pass through 
the machine. 
There are a number of objections to the general library use of 
Thermofax. The smaller “Secretary” model will copy only single- 
sheet material. The larger “Console” model will work with the thinner 
journals, but is not yet satisfactory for bound volumes. The paper 
avaiIabIe at present is very flimsy and has an unappealing beige color. 
It can be backed up with a second sheet to give it the firmness of 
either bond or double-weight paper, but this more than doubles the 
cost of each copy. It works best with carbon-base inks, and does not 
produce an image with some of the dye-based inks.122 When these 
faults are corrected, this process will offer a serious challenge to the 
other photoduplication processes, as it is the fastest and, for single 
copies, cheapest of the reflex methods. 
Another process that depends on heat is the Kalfax process owned 
and manufactured by the Kalvar Company. So far this process has 
been used experimentally on some government projects only, but it 
i s  expected that commercial production will begin in July 1956.123 
In use the Kalvar sheet is exposed to light as in conventional photo- 
graphic equipment and then heated to develop and & the image. 
Three advantages are claimed for this process: the elimination of all 
chemicals necessary for silver halide processing, long shelf life in 
storage, and lack of sensitivity of the films and papers to ionization 
radiation. It appears to have applications for microfilm copies and 
enlargements from microfilm. 
A new phase of photography is to be found in two processes that 
use light but depend on the photosensitivity of an electrostatically 
charged sheet. The older version is xerography, which is discussed 
in another article of this issue. One application that is a photographic 
rather than a duplicating operation, is its use for making enlarge- 
ment prints on plain paper from microfilm. However, the equipment 
that is available at the moment is so expensive that it is economical 
only for operations on the largest scale. It is encouraging to hear a 
representative of HaIoid say that “There is certainly a requirement for 
a simple, low cost method of reproducing from microfilm to paper 
for the low volume user, and perhaps this may come in the near 
future.” 
The other electrostatic process is Electrofax, developed in 1954 
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by R.C.A. and available for further applications under license from 
them.lZ5 Unlike Xerox, it does not require an expensive metal plate, 
using instead almost any inexpensive medium that can be coated 
with a “paint” of zinc oxide in a resin binder. It also does not require 
that the powder image be transferred to the final support; it is already 
there. Except for that, it goes through the same basic steps: charging, 
optical exposure, powder development, and fixing by fusing or solvent 
vapour methods. 
As Electrofax is still in the developmental stage, only theories can 
be advanced as to the almost boundless applications possible. It has 
been suggested for office copying rnachines.lz6 Contact prints have 
been made from microfilm with promising results,lZ7 and the Navy 
is trying it out for the continuous enlarging of microfilm.128 By the 
time this paper is in print a dozen new suggestions will probably 
have been made for its use. 
What is the shape of things to come? One guess concerning photo- 
graphy during the next thirty years suggests that direct positive 
photography will take over.129 This has happened already with the 
reflex photocopy. The Polaroid-Land camera is the first practical 
application in black-and-white hand cameras. This has been used 
for bibliographical note taking,130 and has been tried successfully with 
bibliographical photomicrography.l31 It appears likely that it will soon 
be possible to make lantern slides in a few minutes with this 
camera.132 The author can visualize a lecturer making a slide two 
minutes before his talk, and a member of the audience taking photo- 
graphic notes 133 from that slide and binding it up and projecting 
it a few minutes later to an audience that could not get to the first 
meeting. 
In the Bibliofax machine it is evident that the use of microfilm and 
subsequent enlargement prints do very much the same job as the 
Ph0toclerk.l3~ In a recent patent a photographic apparatus is described 
which physically resembles its ancestor, the Photoclerk, but which 
can expose, develop, and deliver a photocopy in fifteen ~ e c 0 n d s . l ~ ~  
Another patent suggests a reflex reproducing process that makes use 
of luminescent material.136 The Contoura brought the size of the 
reflex copier down to slightly larger than a cigar box. This new 
technique would make it possible to carry the exposing element and 
a few sheets of photo-paper in a small manila envelope. Exposing 
from bound volumes would require merely slipping two thin sheets 
between the pages to be copied. 
Two suggestions have been made for a true micro-book. The first 
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calls for binding Microcards loosely together into a small volume; 13? 
the second tells of a portabIe catalog made from microfilm.138 A 
card catalog has been microfilmed and short strips of film inserted 
into acetate Filmsort jackets. These were punched and bound together 
with rings. Pocket readers have been developed for both microfilm 
and micropaper. Du Pont has recently announced Cronar, a new thin, 
tough film base.139 This will make it possible to produce thinner 
microfilm and transparent jackets. This brings closer to reality the 
pocket reference library and reading machine as prophesied by 
Herschel and Vollbehr. 
Another development which may change the pattern of photo-
duplication as well as the graphic arts is the Huebner “smoke” proc- 
One report suggests the Phototronic reproducer for the rapid 
enlarging of rni~rofi1rn.l~~ In 1953 it was reported that one fourth of 
the photographic paper produced in the United States was used for 
document ~ 0 p y i n g . l ~ ~  What with Kalvar, Xerox, and Electrofax, and 
now ‘smoke” processing, the demand for silver halide paper may be 
much smaller by 1963. 
Unfortunately, nearly all of the newest and most economical de- 
velopments are those that involve equipment costing many thousands 
of dollars. It will take some time before the cost of equipment can 
be brought to a level which small scale users can afford. For them 
the best choice is to examine the many combination processes avail- 
able today, e.g., photocopy with office offset, photocopy with office 
diazo, diazo with offset, microfilm with offset and diazo, etc. The 
library administrator of today and especially of tomorrow must be 
well-versed in the techniques and applications of photography and 
the graphic arts, if he is to achieve full use of the information stored 
in his library.143 
COMPARATIVE COSTS FOR PHOTODUPLICATION 
(8%x 11Original -Materials only) 
Projection Photocopy ............................ SQ 

Contact/Reflex Photocopy 
Wet-Contact .............................. 6$ 

Wet-Reflex ................................ 12Q 

Silver Transfer-Reflex ...................... lo$ 

Gelatine Transfer-Reflex . . . . . . . . . . (1st copy) 106 

Gelatine Transfer-Reflex . . . . . . . . . (6th Copy) 2%$ 

Microfi1m“C: mm. .............................. % to 1Q 

Diazo ......................................... l?@ 

Thermofax ..................................... 5Q 
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Projection Photocopy 
1) International Federation for Documentation. Manual on Document Repro- 
duction and Selection. (Publication No. 264) 2 v. The Hague, F.I.D., 1953, 
Section 222.1. 
Contact/Rejlex Photocopy 
1)  Ibid., Section 221. 
2 )  Hawken, W. R.: New Methods for Photocopying. Libray  ~ O U T M ~ ,79: 
1115-1122, June 15, 1954 
3) La Fave, Albert: Glossary of Office Copying Machines Prepared for 6th 
Eastern Regional Conference of Blueprint and Allied Industries. Atlantic City, 
October 22-24, 1954. National Micro-News, No. 12, May 1955, pp. 1-3. 
4 )  Lewis, C. M. and Offenhauser, W. H., Jr.: MicToreCMding Industrial and 
Library Applications. N. Y., Interscience, [c1956], pp. 216-219. 
Microfilm Cameras 
1) International Federation for Documentation, op. cit., Sections 222.3-222.4. 
2 )  UNESCO. Survey of Microfilm Use, 1951. Paris, UNESCO, [c1952]. 
pp. 18-27. Reprinted in: UNESCO Bulletin for Libraries. 6:B14-B22, Feb.-Mar. 
1952. 
3 )  Doss, M. P., ed.: Information Processing Equipment. New York, Reinhold, 
2955. pp. 72-73. 
4 )  Lewis and Offenhauser, op. cit., pp. 147-161. 
Microfilm Reading Machines 
1) International Federation far Documentation, op. cit., Sections 222.5-222.6. 
2)  UNESCO, op. cit., pp. 26-35 OT pp. B22-B31. 
3 )  Doss, op. cit., p. 78. 
4 )  Litchfield, Dorothy H. and Bennett, Mary A.: Microfilm Reading Ma- 
chines. Special Libraries. 34:15-20, 45-50, 81-88, 123-130, 157-164, 379-384, 
Jan. to Sept. 1943. 
5) Lewis and Offenhauser, op. cit., pp. 260-280. 
Micropaper Reading Machines 
1) International Federation for Documentation, op. cit., Section 222.52. 
2 )  UNESCO, Ibid. 
3) Doss, op. cit., p. 86. 
4 )  Lewis and Offenhauser, Zbid. 
Diazo 
1) International Federation for Documentation, op. cit., Section 221. 
2 )  La Fave, op. cit., p. 3. 
Thermof ax 
1) International Federation for Documentation, op. cit., Section 241. 
2 )  La Fave, op. cit., p. 4. 
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